Obesity-associated inflammatory mechanisms play a key role in the pathogenesis of metabolic-related diseases. Failure of anti-inflammatory control mechanisms within adipose tissue and peripheral blood mononuclear cells (PBMCs) have been implicated in disease progression. This study investigated the efficacy of allogeneic adipose tissuederived mesenchymal stem cells conditioned media (ADSC-CM) to counteract persistent inflammation by inducing an anti-inflammatory phenotype and cytokine response within PBMCs derived from patients with and without metabolic syndrome. Forty-six (n = 46) mixed ancestry females (18-45 years) were subdivided into (a) healthy lean (HL) (n = 10) (BMI <25 kg/m 2 ), (b) overweight/obese (OW/OB) (BMI ≥25 kg/m 2 , <3 metabolic risk factors) (n = 22) and (c) metabolic syndrome (MetS) (visceral adiposity, ≥3 metabolic risk factors) (n = 14) groups. Body composition (DXA scan), metabolic (cholesterol, HDL, LDL, triglycerides, blood glucose) and inflammatory profiles (38-Plex cytokine panel) were determined. PBMCs were isolated from whole blood and treated ex vivo with either (i) autologous participant-derived serum, (ii) ADSCs-CM or (iii) a successive treatment regime. The activation status (CD11b+) and intracellular cytokine (IL6, IL10, TNFa) expression were determined in M1 (CD68+CD206−CD163−) and M2 (CD68+CD163+ CD206+) macrophage populations using flow cytometry. ADSC-CM treatment, promoted a M2 macrophage phenotype and induced IL10 expression, this was most pronounced in the OW/OB group. This response is likely mediated by multiple complementing factors within ADSC-CM, yet to be identified. This study is the first to demonstrate the therapeutic potential of ADSC-CM to restore the inflammatory balance in immune compromised obese individuals.
Introduction
Obesity-associated inflammatory mechanisms play a key role in the pathogenesis of metabolic-related diseases such as metabolic syndrome and type 2 diabetes (Esser et al. 2014) . Disruption of normal endocrine function affects glucose homeostasis and occurs as a result of changes within the adipose tissue cellular composition (Esser et al. 2014 , Martyniak & Masternak 2017 , Pirola & Ferraz 2017 . This is characterised by adipocyte hypertrophy and the formation of crown-like structures due to excessive infiltration and proliferation of inflammatory macrophages (Esser et al. 2014 , Braune et al. 2017 , Martyniak & Masternak 2017 , Pirola & Ferraz 2017 . The infiltrating macrophages derive primarily from peripheral blood mononuclear cells (PBMCs) and can have either a pro-(M1) or anti-(M2) inflammatory phenotype (Bories et al. 2012 , Dey et al. 2014 , Braune et al. 2017 .
Inflammatory dysregulation during obesity has been linked to alterations in the functional programming of PBMCs and the ratio of M1 to M2 macrophages within the PBMC population (Bories et al. 2012 , Esser et al. 2014 .
The immunomodulatory and paracrine properties of mesenchymal stem cells (MSCs) have the potential to regulate multiple signalling pathways that contribute to the pathogenesis of chronic inflammation and hyperglycaemia (Chen et al. 2016 , Fontaine et al. 2016 , Zachar et al. 2016 , Harting et al. 2018 . A reduction in the size of the circulating stem/progenitor cell pool within the PBMC population is however evident with disease progression and corresponds with the severity of secondary complications (Egan et al. 2008 , Rigato & Fadini 2017 . Intravenous infusion of MSCs therefore presented as a novel strategy to alleviate inflammation, hyperglycaemia and its associated microvascular complications. Although the safety and toxicity of intravenously infused human adipose tissuederived MSCs have been investigated in both mouse models and patient-based studies (Ra et al. 2011a ,b, Toupet et al. 2013 , the long-term tumourigenicity of infused cells remains a concern. A further limiting factor is the unpredictability of autologous cell therapy, especially in patients that suffer from advanced metabolic dysfunction. As a consequence of the in vivo pathological niche microenvironment, the paracrine signalling response of endogenous MSCs becomes impaired and compromises their therapeutic potential (Boland et al. 2017 , van de Vyver 2017 . In a co-culture experiment that mimic the diabetic microenvironment, Boland et al. (2017) recently demonstrated that in this simulated environment, MSCs not only lose their ability to suppress inflammation but actively enhance inflammation through induction of pro-inflammatory cytokine secretion by PBMCs. To avoid adverse effects associated with unpredictable cellular responses, it is hypothesised that allogeneic MSC-derived conditioned media could potentially be used as an alternative to cell therapy.
In this study, we investigated the efficacy of allogeneic MSC-derived conditioned media to counteract persistent inflammation by inducing an anti-inflammatory phenotype and cytokine response within PBMCs derived from patients with and without metabolic syndrome.
Materials and methods
Ethical approval was obtained from the Health Research Ethics committee at Stellenbosch University (N15/07/066) and permission was granted for the research to be conducted at Tygerberg Academic hospital from the Western Cape Department of Health (WC_2016RP14858). Volunteers were informed about the purpose and risks of the study before signing an informed consent form. All experimental procedures were conducted according to the ethical guidelines and principles of the Declaration of Helsinki.
Participant recruitment and sample collection
A total of forty-six (n = 46) adult females (age 18-45 years) were included in the study. Volunteers that were either pregnant, breastfeeding, less than 10 months postpartum or that suffered from any infection or infectious disease were excluded from the study. Due to the demographics of the population surrounding Tygerberg hospital, the participants included in this study were of mixed ancestry. This specific ethnic population is known to have a genetic predisposition and especially females have a considerable risk to develop type 2 diabetes (Goedecke et al. 2017) . The data presented in this study are thus specific for this population and should be interpreted as such.
Upon inclusion into the study, participants completed nutritional and lifestyle questionnaires, underwent a Dual Energy X-ray Absorptiometry (DXA) scan (body composition) (Hologic Discovery W, Serial Number 70215, Hologic Inc, Marlborough, USA) and anthropometrical measurements (height (m), weight (kg), hip circumference (cm), waist circumference (cm)). Fasting blood glucose (FBG) levels (finger prick) were determined using the Contour plus glucometer system (BAYER, Leverkusen, Germany) and whole blood samples were collected into EDTA and SST tubes (BD Vaccutainer, Franklin Lakes, NJ, USA).
The participants were subdivided into three groups based on their metabolic health. The traditional metabolic risk factors used for subdivision of the cohorts included: visceral adiposity (waist-to-hip-ratio >0.85 and trunkto-limb fat mass ratio >1), dyslipidaemia (triglycerides (TGS) >1.7 mmol/L and high-density lipoprotein (HDL) <1.29 mmol/L), hypertension (systolic blood pressure (BP) >130 mmHg and diastolic BP >85 mmHg) and hyperglycaemia (FBG >5.6 mmol/L). The criteria for each specific subgroup were as follows: (i) healthy lean (HL) (BMI <25 kg/m 2 , metabolically healthy) (n = 10); (ii) healthy overweight/obese (OW/OB) (BMI ≥25 kg/m 2 , ≤2 metabolic risk factors) (n = 22) and (iii) metabolic syndrome (MetS) (visceral adiposity, >3 metabolic risk factors) (n = 14). The criteria used to identify individuals with MetS complied with the guidelines provided by 
Serum sample processing and analysis
Whole blood collected in SST tubes were left to clot at room temperature before centrifugation at 1500 g and 4°C for 10 min. Serum was aliquoted and stored at −80°C until subsequent analysis. Each participant's lipid profile (total cholesterol, TGS, HDL and low-density lipoprotein (LDL)) was determined using an Alere Afinion TM Lipid Panel, (#10183107, Alere, Waltham, MA, USA) in combination with the Afinion AS100 Analyzer (Alere). Serum cytokine concentrations were quantified using a 37-Bio-Plex Pro Human inflammation cytokine assay kit (#171-AL001M, Bio-Rad Laboratories Ltd.). The following analytes were assessed: a proliferation-inducing ligand (APRIL), also known as tumour necrosis factor ligand superfamily member 13 (TNFSF13); B-cell activating factor (BAFF) /TNFSF13B; soluble cluster of differentiation 30 (sCD30) /TNFRSF8; sCD163, Chitinase-3-like 1; the signaltransducing component gp130, also known as soluble interleukin-6 receptor B (sIL6RB); sIL6Ra; interferon (IFN)a2; IFNB; IFNy; interleukins (IL)-2, -8, -10, -11, -12 (p40 and p70 subunits) , -19, -20, -22, -26, -27 (p28) , -28A/IFNλ2, -29/IFNλ1, -32, -34, -35; LIGHT/TNFSF14; matrix metalloproteinases (MMP)-1, -2, -3; Osteocalcin; Osteopontin; Pentraxin3 (PTX3); soluble tumour necrosis factor receptors (sTNFR1 and sTNFR2); thymic stromal lymphopoietin (TSLP) and TNF-related weak inducer of apoptosis TWEAK/TNFSF12. Additionally, separate ELISA were used to quantify IL6 (E-EL-H0102, Elabscience Biotechnology Inc., Houston, TX, USA) and C-reactive protein (CRP) (E-EL-H5134, Elabscience Biotechnology Inc., Houston, TX, USA) levels within serum. Refer to Supplementary Table 1 (see section on supplementary data given at the end of this article) for the sensitivity levels for each of the analytes assessed.
PBMC isolation, treatment and flow cytometry analysis
PBMCs were isolated from the whole blood collected in EDTA tubes using density centrifugation. Whole blood was layered upon an equal volume of Histopaque-1077 (Sigma-Aldrich) and centrifuged at 400 g for 30 min at room temperature. The opaque interface containing PBMCs was then transferred to a new tube, washed using PBS (centrifuged 250 g, 10 min) and resuspended in freezing media (20% human serum albumin (Sigma-Aldrich), 10% DMSO (Merck) and 70% DMEM with ultra-glutamine (BioWittaker, Lonza, Basel, Switzerland)) before storage at −80°C.
PBMCs were rapidly thawed at 37°C, centrifuged for 5 min at 400 g and resuspended in DMEM with ultra-glutamine (BioWittaker) containing 1% penicillin /streptomycin (BioWittaker) and 10% foetal bovine serum (FBS) (Biochrom, Berlin, Germany) . PBMCs at a concentration of 1 × 10 6 cells were treated with either (i) 20% autologous participant-derived serum (4 h); (ii) adipose-derived stem cell (ADSC)-conditioned media (CM) (4 h) or (iii) with successive treatment of 20% autologous participant-derived serum (4 h) followed by ADSC-CM (4 h). In the successive treatment, PBMCs were therefore primed with autologous serum (representative of the in vivo environment after thawing) prior to treatment with ADSC-CM. The priming (serum) and treatment (ADSC-CM) times were kept consistent (4 h each).
Following treatment, PBMCs were washed, resuspended in 50 µL staining buffer (PBS containing 20% FBS, filtered) and co-labelled with surface marker antibodies (4 µL CD68-BV421 (BD564943), 4.4 µL C11b-APC-Cy7 (BD557754), 4.2 µL CD163-PERCP-Cy5.5 (BD563887), 4 µL CD206-BB515 (clone 19.2, BD564668)) for 30 min at 4°C in the dark. PBMCs were then washed with staining buffer, centrifuged at 250 g for 10 min and resuspended in 250 µL fixation/permeabilisation solution (BD Biosciences, San Jose, CA, USA) and placed on ice for 20 min at 4°C in the dark. Hereafter, cells were washed with permeabilisation/wash buffer (BD Biosciences), centrifuged at 250 g for 10 min and resuspended in 50 µL permeabilisation/wash buffer containing the intracellular antibodies (3.5 µL IL6-APC (clone MQ2-13A5, BD561441), 17 µL IL10-PE (BD559330), and 4 µL TNFa-PE-Cy7 (BD557647)) and placed at 4°C for 30 min in the dark. Cells were then washed with permeabilisation/wash buffer, centrifuged at 250 g for 10 min and resuspended in 500 µL staining buffer. This staining procedure allows for the simultaneous detection of surface marker and intracellular cytokine expression. The stain index for each antibody was assessed in titration experiments to determine the optimum concentrations.
Since multicolour cytometric analysis was performed, fluorescent compensation settings were first established through a compensation experiment and regions of positive and negative staining were determined through a fluorochrome minus one experiment. An isotype control cocktail (IgG1-BV421/APC-Cy7/PERCP-Cy5.5/BB5151/APC /PE/PE-Cy7) (Scientific Group, BD 560496, BD560499) was used as a negative control for gating purposes. Flow cytometry was performed on the FACS Canto II instrument using FACSDiva software (BD Biosciences). A total of 100,000 events were recorded for each sample. Data analysis was performed using Flow Jo Vx (Treestar, OR, USA) software.
To maintain scientific rigour and to validate the flow cytometry results, the following control treatment groups were assessed for PBMCs derived from a healthy control participant: Unconditioned media; unconditioned media + recombinant IL4 (10 ng/mL; #574306 Biolegend, San Diego, CA, USA); unconditioned media + recombinant IL6 (400 pg/mL; #575706 Biolegend); unconditioned media + PAM3CSK4 (100 ng/mL; #4633/1 R&D Biosystems Inc); ADSC-CM + anti-IL6 (1:50 rabbit anti-human; #0002012143 Sigma-Aldrich) and ADSC-CM + anti-PTX3 (1:1000 monoclonal anti-human; #WH0005806M2 Sigma-Aldrich).
Collection of ADSC-CM
A human adipose tissue-derived mesenchymal stem cell line (ADSCs) (#000034977, Poietics, Lonza, Basel, Switzerland) was maintained at 37°C, in 90% humidified air with 5% CO 2 . ADSCs were cultured in complete media that consisted of DMEM with ultra-glutamine (BioWittaker), containing 1% penicillin/streptomycin (BioWittaker) and 10% FBS (Biochrom). For the collection of conditioned media (CM), ADSCs (passages P5-P9) were seeded in T75 flasks (Corning Life Sciences) at a density of 3 × 10 5 cells in complete medium. After 24 h (40% confluency), 50% of the CM was removed and replaced with complete medium. After 48 h (60% confluency), all the CM was removed and replaced with fresh complete medium. The ADSCs were allowed to reach confluency, after which cells were sub-cultured and seeded in new T75 flasks for the next round of CM collection. After collection, CM was centrifuged for 10 min at 1500 g, the pellet containing cellular debris discarded and the supernatant (CM) sterile filtered (0.2 µm) (Sigma-Aldrich) before being stored at −80°C. To account for intra batch variability, all CM collected from the different time points and passages were pooled. The cytokine concentration within the CM was analysed using an IL6 ELISA kit (E-EL-H0102, Elabscience Biotechnology Inc.), a CRP kit (E-EL-H5134, Elabscience Biotechnology Inc.) and a 37-Bio-Plex Pro Human inflammation cytokine assay kit (#171-AL001M, Bio-Rad Laboratories Ltd.). Refer to Table 1 for the concentration of cytokines within the CM.
Statistical analysis
Data are presented as mean ± standard error (s.e.). Statistical analysis was performed using Statistica software (version 10, StatSoft, Johannesburg, South Africa). One-way ANOVA with Tukey post hoc test was used to determine group effects, whilst 2-way factorial ANOVAs were used to determine group and treatment effects. The KolmogorovSmirnov (K-S) normality test with Lilliefors correction was used (P < 0.05) and normal distribution confirmed with the Shapiro-Wilk test. In cases where data were not normally distributed, non-parametric Kruskal-Wallis ANOVA with Dunns multiple comparison test was used to determine differences between groups, whilst the nonparametric Mann-Whitney test was used to determine the differences between groups and treatment effects. Level of significance was accepted at P < 0.05.
Results

Participant demographics and metabolic profiles
All participants (n = 46) were of similar age (32.3 ± 1.0 years), with no difference between groups (Table 2 ). Refer to Table 2 for detailed information on the lifestyle and nutritional habits of participants. It is noteworthy that the HL group was physically more active (borg scale: 3 ± 0.3) and had good sleeping habits (90% > 6 h per night) but also had a higher percentage of smokers' (70%) vs non-smokers (30%) compared to the other groups (Table 2 ). There was however no difference between the lifestyle and nutritional habits of the OW/OB and MetS groups. Refer to Fig. 1 for detailed information on the body composition and metabolic profile of participants within each group. As expected, the HL group had a normal body composition: BMI 22.1 ± 0.8 kg/m 2 , total body fat: 34.4 ± 2.3%, trunk-to-limb fat mass ratio (TF/LF): 0.76 ± 0.06 and waist-to-hip ratio (WHR): 0.78 ± 0.02. This differed significantly from that of the OW/OB and MetS groups (P < 0.05) (Fig. 1A , B, C and D). Both the OW/OB and MetS groups were obese (BMI: 34.7 ± 1.6 kg/m 2 vs 32.2 ± 2.9 kg/m 2 ) but differed in the percentage of total body fat (OW/OB: 49.7 ± 1.2%; MetS: 41.3 ± 1.8%, P < 0.01) (Fig. 1A and B) and overall body composition. Visceral adiposity was more pronounced in the MetS group as is evident in the TF/LF ratio (OW/OB: 0.95 ± 0.04; MetS: 1.17 ± 0.05, P < 0.01) and the WHR (OW/OB: 0.84 ± 0.01; MetS: 0.85 ± 0.02) (Fig. 1C and D) . The DXA scan confirmed fat distribution were predominantly in the subcutaneous regions in the OW/OB group (androidto-gynoid fat mass ratio: 0.93 ± 0.02) and predominantly in the visceral regions in the MetS group (android-to-gynoid fat mass ratio: 1.04 ± 0.04) (Fig. 1E) . Metabolic dysregulation was evident in the MetS group, with elevated fasting blood glucose levels (HL: 5.07 ± 0.2 mmol/L; OW/OB: 4.9 ± 0.1 mmol/L; MetS: 7.65 ± 0.9 mmol/L, P < 0.001), reduced HDL levels (HL: 1.4 ± 0.08 mmol/L; OW/OB: 1.22 ± 0.05 mmol/L; MetS: 1.05 ± 0.05 mmol/L, P < 0.05) and elevated TGS (HL: 0.78 ± 0.02 mmol/L; OW/OB: 0.77 ± 0.06 mmol/L; MetS: 1.3 ± 0.21 mmol/L, P < 0.01) (Fig. 1F, G and H) . No difference was observed between groups with regards to total cholesterol and LDL levels ( Fig. 1I and J ).
Participant's inflammatory and cytokine profile
Low-grade systemic inflammation as indicated by elevated serum CRP levels (HL: 136 ± 40 ng/mL; OW/OB: ×11.9 fold; MetS: ×8.5 fold) were most pronounced in the OW/OB group (P < 0.01) (Fig. 2) . For all the cytokines assessed in serum, 17 of the analytes were undetectable, 21 analytes could be detected in most of the samples and quantified (Supplementary Table 1 ) of which only four were significantly different between groups (Fig. 3) . Compared to the HL group, obese participants (OW/OB and MetS) had lower levels of IFNa2 (HL 3.3 ± 0.7 pg/mL; OW/OB ×0.24 fold; MetS ×0.27 fold) (P < 0.05) (Fig. 3A) , IL12p40 (HL 9.4 ± 1.4 pg/mL; OW/OB ×0.64 fold; MetS not detectable) (P < 0.05) (Fig. 3B) , IL-28A/IFN-λ2 (HL 4.7 ± 1.0 pg/mL; OW/OB ×0.45 fold; MetS ×0.47 fold) (P < 0.05) (Fig. 3C) , MMP1 (HL 115 ± 25 pg/mL; OW/OB ×0.36 fold; MetS ×0.32 fold) (P < 0.01) (Fig. 3D) , MMP3 (HL 77 ± 17 pg/mL; OW/OB ×0.7 fold; MetS ×0.51 fold) (P < 0.05) (Fig. 3E ) and osteopontin (HL 26 ± 2 pg/mL; OW/OB ×0.76 fold; MetS ×0.92 fold) (P = 0.05) (Fig. 3F) . No difference was however evident between the cytokine levels of the OW/OB and MetS groups (Fig. 3) .
ADSC-CM induced anti-inflammatory response with PBMC populations
ADSC-CM induced an overall anti-inflammatory phenotype within the entire PBMC population (treatment effect), and although it was most pronounced in the OW/OB group (Fig. 4F) , no significant group effect was observed (Fig. 4E, F and G) . This is evident in the increased percentage of CD163+ and CD206+positive cells as well as in the increased percentage of cells expressing IL-10 following exposure to ADSC-CM in the OW/OB group compared to the other treatment groups (Fig. 4F ). This effect was however blunted, when PBMCs were first exposed to autologous serum in the successive treatment regime (Fig. 4A , B, C, D, E, F and G).
Within the PBMC population, a more detailed investigation into the M1 vs M2 macrophage ratio revealed that ADSC-CM treatment on its own significantly increased the percentage of M2 macrophages compared with the successive treatment (Fig. 5B, E, F and G) , whilst reducing the percentage of M1 macrophages (Fig. 5B, E , F and G) . Priming the PBMCs with autologous serum (prior to treatment) increased M1 and reduced M2 macrophages (Fig. 5E, F and G) , suggesting that longer ADSC-CM treatment periods might be necessary to induce the anti-inflammatory switch. The successive treatment is therefore not a recommended strategy.
Very few of the naïve/unstimulated M1 macrophages were positive for the intracellular cytokines (IL6, IL10 and TNFa) (Fig. 5C ). However, upon stimulation with either unconditioned culture media or an activating agent (Pam3CSK4), these M1 macrophages expressed both IL6 and TNFa (Fig. 5D) , confirming their inflammatory phenotype. Both the successive treatment regime and ADSC-CM on its own increased the intracellular expression of IL10 within the M2 macrophages compared to exposure with autologous serum (Fig. 6A, B and C) . The ADSC-CMinduced expression of IL10 was even more pronounced in the activated M2 macrophage population of the OW/ OB and MetS groups ( Fig. 6B and C) . Successive treatment did however have a greater effect on intracellular IL6 expression within the inactive M2 macrophages than ADSC-CM treatment on its own (Fig. 6D, E and F) . Intracellular TNFa expression within M2 macrophages was not affected by treatment (Fig. 6G, H and I) . The treatment of healthy lean control PBMCs with rhIL6 (400 pg/mL; comparable to the concentration detected in ADSC-CM 381 pg/mL), induced the expression of intracellular IL10 within M2 macrophages compared to unconditioned control media (Fig. 7A) . Treatment of ADSC-CM induced a similar response (Fig. 7B) , and blocking of either IL6 or PTX3 within ADSC-CM during treatment did not inhibit the IL10 response ( Fig. 7C and D) .
Discussion
Pathological changes within the systemic microenvironment during obesity and metabolic syndrome modulates the function and gene expression profile of PBMCs (Manoel-Caetano et al. 2012 , de Luis et al. 2017 . Failure of anti-inflammatory control mechanisms together with a skewed ratio of pro-(M1) vs anti-(M2) inflammatory macrophages within peripheral circulation has been associated with the metabolic complications of obesity and disease progression (Bories et al. 2012 , Finucane et al. 2012 , Rentoukas et al. 2012 , Catalán et al. 2015 . Although MSCs are known to play a role in the immune modulation of inflammatory responses (Kwon et al. 2014 , Zimmermann & McDevitt 2014 , this study is the first to demonstrate the therapeutic potential of ADSC-derived conditioned media to restore the inflammatory balance in immune compromised obese individuals. It should however be noted that the physical activity, smoking and sleeping habits of the healthy lean participants differed from the other groups and could be contributing factors. Even though this study was done in an ex vivo setting and needs validation in vivo, it signified that although obesity per se (not dyslipidaemia or glucose dysregulation) is the main cause of inflammatory dysregulation, PBMCs are more responsive to conditioned media treatment prior to the development of metabolic syndrome.
The clinical data in this study clearly demonstrated dyslipidaemia (reduced HDL, elevated TGS) and glucose dysregulation (elevated FBG) in the MetS group that was not evident in the OW/OB group. Despite this metabolic dysregulation, no difference was detected in the serum cytokine profiles of these two groups. The obese participants (regardless of metabolic syndrome) all had systemic inflammation (elevated CRP levels) and reduced serum levels of IFNa2, IL12p40 and IFN/IL28A indicative of suppressed immunity (Terán-Cabanillas et al. 2014) . This is in agreement with numerous reports demonstrating compromised viral and host responses during obesity (Tominaga et al. 2010 , TeranCabanillas et al. 2013 . This study furthermore demonstrated a reduced level of circulating MMP1. Matrix metalloproteinases, such as MMP1, plays a role in adipose tissue remodelling during obesity, and it has been shown that macrophage derived factors can modulate the secretion of MMPs by adipocytes (O'Hara et al. 2009 , Gao & Bing 2011 . Gao et al. (2017) demonstrated that macrophage accumulation in adipose tissue stimulates the production of MMP1 and MMP3 and that inhibition of IL1B in vitro abolishes the production of these MMPs by adipocytes. In agreement with our study, Song et al. (2018) recently observed a reduction in MMP1 tissue levels during obesity in mice following a high-fat diet. Taken together, these studies highlight the central role of macrophages in obesity and metabolic disease.
Targeting PBMCs with conditioned media derived from healthy-donor ADSCs elicited a similar antiinflammatory response in all participants, the PBMCs from OW/OB participants were however slightly more responsive to treatment than those derived from participants with metabolic syndrome. Within PBMCs derived from the OW/OB group, conditioned media treatment increased the percentage of cells that expressed CD163, CD206 and the anti-inflammatory cytokine IL10. This is consistent with previous findings demonstrating that co-culture of PBMCs and MSCs do not enhance the activation status of unstimulated PBMCs but instead perform supportive functions (Gornostaeva et al. 2018) . The macrophage fraction of the PBMCs derived from both OW/OB and MetS participants responded in a similar fashion to conditioned media treatment by increasing the production of intracellular IL10. It is consistent with previous observations demonstrating that co-culture of PBMCs with either embryonic or bone marrow-derived MSCs induce the production of IL10 (Conforti et al. 2014 , Lotfinia et al. 2017 . In vivo, this anti-inflammatory response would dampen the phagocytic and destructive effects of M1 macrophages in order to create a growthpromoting microenvironment that favours regeneration and remodelling. It is thus possible that conditioned media treatment could potentially counteract systemic inflammation in high-risk patients through antiinflammatory control mechanisms.
The ADSC-derived conditioned media contained high concentrations of the IL6 superfamily of cytokines (IL6 and IL11) as well as the pattern recognising protein, Pentraxin3 (PTX3). Overexpression of PTX3 in human THP1 macrophages have been shown to increase oxidative LDL uptake and reduce cholesterol efflux in macrophage foam cells (Liu et al. 2014) , implicating a role for PTX3 in atherosclerosis (Vilahur & Badimon 2015) . Recent studies have however shown that PTX3 is an anti-inflammatory protein that regulates the inflammatory activity of macrophages and therefore has athero-protective properties (Shiraki et al. 2016 , Slusher et al. 2016 . Slusher et al. (2016) indicated that lipid (palmitate)-induced expression of PTX3 in PBMCs derived from healthy men was associated with an increase in the production of IL10. This is consistent with our observations and suggests that PTX3 together with IL6 (known to upregulate IL10 production) within conditioned media were responsible for modulating the phenotype and cytokine responses of PBMCs/macrophages. Treatment of PBMCs with recombinant IL6 furthermore induced the expression of IL10 in M2 macrophages and supports this hypothesis. However, when either IL6 or PTX3 was blocked in ADSC-CM, the IL10 response remained unaffected. Taken together, it suggests that there are likely numerous unidentified complementary factors within ADSC-CM capable of inducing an anti-inflammatory response. The therapeutic potential of ADSCs-derived conditioned media is thus promising and needs validation in the clinical setting.
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